Background: The prophylaxis for hepatitis B virus (HBV) reactivation assumes that hepatic injury after reactivation is often rapidly progressive and can evoke fulminant hepatitis. The incidence and prognosis of reactivation in patients with rheumatoid arthritis (RA) may be different from those receiving organ transplantation and cancer chemotherapy. This study aimed to investigate the incidence, risk factors, and clinical course of HBV reactivation and develop a scoring system for risk stratification in RA patients with resolved infection. Methods: HBV DNA was measured using real-time polymerase chain reaction, and patient data were collected for 4 years in RA patients with resolved HBV infection who were treated with steroids or synthetic or biologic immunosuppressive drugs.
Background
Hepatitis B virus (HBV) reactivation due to immunosuppressive therapy is an important therapeutic complication of rheumatic diseases. HBV reactivation is less frequent in patients with resolved HBV infection than in HBV carriers or those with chronic HBV hepatitis; however, the number of patients is several times more in the resolved infection group than in the chronic infection group. In addition, HBV reactivation was reported to be less frequent in patients with rheumatoid arthritis (RA) than those receiving cancer chemotherapy and transplantation [1] ; however, the treatment period is longer for RA than that for chemotherapy and transplantation, requiring long-term monitoring for HBV reactivation. Therefore, HBV reactivation in RA patients with resolved HBV infection is an important issue for not only medical but also social and economic implications.
We previously conducted a multicenter prospective observational study on HBV reactivation in patients with RA and resolved HBV infection to determine the incidence and risk factors of HBV reactivation during a 2year observation period and reported that the incidence of reactivation was low at 1.93/100 person-years but that the therapeutic risk should not to be neglected. Furthermore, we found that older age (≥ 69 years old) and low antibody titer against hepatitis B virus surface (HBs) antigen (HBsAg) were risk factors for HBV reactivation and that the risk persisted for a long time period after the initiation of immunosuppressive treatment [2] .
HBV reactivation by immunosuppressive therapy is generally considered a rapidly progressive condition with poor prognosis that often leads to fulminant hepatitis [3, 4] . Based on this recognition, several guidelines and recommendations for the prevention of HBV reactivation during immunosuppressive treatment have been developed in Japan [5] [6] [7] and other regions [8] [9] [10] . Conversely, the risk of HBV reactivation is considered to differ between patients undergoing organ transplantation or cancer chemotherapy and those treated for rheumatic diseases [1] . Several studies also reported that the subsequent course and prognosis depended on the underlying cause of HBV reactivation [11] .
We herein present the final report of our 4-year observational study that used multivariate analyses to determine the incidence and risk factors of HBV reactivation in patients with RA and resolved HBV infection. We also investigated the clinical course and patient outcomes after HBV reactivation in RA patients based on the longest 4 years of observation.
Methods
This multicenter, observational, prospective study between 2013 and 2016 was conducted by a study group comprising rheumatologists from 16 Japanese Red Cross hospitals.
Subjects
Patients eligible for enrollment were those over 18 years of age who were diagnosed with RA attending a clinic for rheumatic diseases in one of the 16 Japanese Red Cross hospitals in Japan. Patients treated with corticosteroids (≥ 5 mg prednisolone or its equivalent dose); immunosuppressive synthetic disease-modifying antirheumatic drugs (DMARDs), namely methotrexate, leflunomide, tacrolimus, and mizoribine or their equivalents; and/or biologic DMARDs, namely infliximab, etanercept, adalimumab, tocilizumab, abatacept, golimumab, certolizumab pegol, and/or tofacitinib, were tested for HBsAg, antibody against HBsAg (HBsAb), and antibody against HBV core antibody (HBcAb) using chemiluminescent immunoassays. Patients with negative HBsAg and positive HBsAb and/or HBcAb were enrolled. All subjects were HBV DNA negative at entry; this was confirmed by real-time polymerase chain reaction (RT-PCR).
Registration
All data of the enrolled patients were recorded anonymously and sent as password-protected digital information to the Japanese Red Cross Kyoto Daiichi Hospital Center for Rheumatic Disease. The initial data collection was conducted from February 2013 to October 2015 and included the following information: basic patient characteristics such as age, sex, and disease duration; data related to hepatitis such as HBsAg, HBsAb, HBcAb titers, HBV DNA measured by RT-PCR, and aspartate and alanine transaminase levels within the last 3 months; immunological data such as blood lymphocyte count and serum immunoglobulin G levels; parameters related to disease activity such as tender and swollen joints, global visual analog scale score, Disease Activity Score 28 (DAS28) [12] , C-reactive protein level, and erythrocyte sedimentation rate; and information on medications such as dose of steroids and methotrexate and status on the use of biologic DMARDs or other immunosuppressants. After the second year of observation, serial quantification of HBV DNA measured by RT-PCR, which was usually evaluated every 3 months according to the Japanese guideline [6] , immunological data, parameters related to disease activity, and medication information were recorded.
Primary and secondary endpoints
We defined HBV reactivation as a positive conversion of HBV DNA measured by RT-PCR and included cases with positivity < 2.1 log copies/mL, positivity with unquantifiable HBV DNA and abbreviated as PUHD. We consulted hepatologists regarding the guidelines [6] [7] [8] for cases with HBV DNA positivity ≥ 2.1 log copies/mL, positivity with quantifiable HBV DNA and abbreviated as PQHD, and administered nucleic acid analogs (NAAs) if necessary. The primary endpoint of this study was the frequency of HBV reactivation and PQHD in HBsAgnegative and HBsAb-positive and/or HBcAb-positive patients with RA. We also examined risk factors of HBV reactivation and analyzed the clinical and serological course after HBV reactivation as secondary endpoints. Because the result of annual observation of HBV DNA adopted a larger value among serial measurement, only those patients whose HBV DNA status was negative at all time points in the subsequent year were considered to have become HBV DNA negative in the annual observation.
Development of risk scoring system for HBV reactivation in RA patients with resolved HBV infection
In the current study, we developed a scoring system for patient stratification based on HBV reactivation risk using risk factors identified by multivariate logistical regression analysis. Cutoff values were determined by receiver operating characteristic (ROC) analysis for continuous variables, and weighting was taken into consideration based on the strength of influence of each variable. Finally, we investigated the predictive ability of the reactivation risk score in the study cohort.
Statistical analysis
Demographic factors and the primary endpoint were descriptively summarized. The predictive model was developed in terms of statistical significance of risk factors (p < 0.05) and the ease of clinical interpretation, in addition to C statistics with 95% confidence interval (CI). The model was developed based on the logistical model that used the HBV reactivation status as the dependent variable and the risk factors for HBV reactivation, such as age (< 65 vs ≥ 65 years), antibody titer, serum albumin, antibody positivity, and administration of drugs, as explanatory variables. Then, based on the odds ratios derived from the developed model, we assigned integer risk scores to each risk factor, such that the risk scores best reflect the point estimates of the odds ratio. Statistical analyses were performed using JMP version12.
Ethics
In this study, we evaluated only data that were collected during the course of usual medical practice and substituted the agreement acquisition in the document with posting based on the Ethical Guidelines for Epidemiological Research [13] . The ethics committees of all contributing institutions approved the protocol for this study.
Results

The characteristics of the enrolled patients
Among 1429 cases registered in 2 years, 1127 cases (3520 person-years) were analyzed after excluding HBsAg-positive and dropout cases. Demographic data for each year are presented in Table 1 . The average age was 68.2 years, and the duration of illness was 123.4 months at the time of registration; majority of the cohort included elderly patients with long-term illness. The average DAS28 was 3.18, indicating low disease activity. The percentages of patients receiving corticosteroids, biologics, and methotrexate at the time of enrolment were 42.2%, 26.7%, and 78.6%, respectively; however, the proportion of those receiving biologics increased despite a decline in the proportion of those receiving other treatments during the observation period. Among the biologics, majority of the patients received etanercept or tocilizumab. The data on HBsAb and HBcAb positivity are shown in Table 2 . Although the patients positive only for HBsAb are sometimes considered negative for past HBV infection, the current study included 122 patients (10.8%) who did not have a clear vaccination history according to the Japanese guidelines [6] .
The incidence of HBV reactivation
As shown in Table 3 , HBV reactivation, as defined by HBV DNA positivity, was observed in 57 cases (1.65/100 person-years) during the 4 years of observation, and PQHD was found in 15 patients (0.42/100 person-years). The risk of reactivation was present throughout the 4 years, even though the incidence of cases declined with the progression of observation. Median interval between a change of RA treatment and HBV reactivation was 33.5 months [IQR 12-56.75].
Risk factors for HBV reactivation
The frequency of reactivation according to HBsAb/ HBcAb positivity is shown in Table 4 . Briefly, the highest frequency of 11.01% was observed in subjects who were positive only for HBcAb during 4 years of observation. In the current study, we performed multivariate logistical analysis using positivity for HBV-related antibodies, age, serum albumin, steroid administration, and administration of biologics and methotrexate, alone or in combination, as independent variables, which showed that age and a status of HBcAb positivity with HBsAb negativity were independent risk factors for HBV reactivation, as shown in Fig. 1 . Although there were no differences in reactivation frequency among those Leflunomide, number (%) 6 (0.5) 6 (0.5) 7 (0.7) 6 (0.7) 6 (1.0)
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The outcome of HBV infection after reactivation
As shown in Table 5 , among a total of 57 cases with HBV reactivation, observations of 24 cases were finished in 1 year. The observations for the second, third, and fourth years were possible in 17, 10, and 6 patients, respectively. Analysis of the outcomes at the final observation period of 57 cases with HBV reactivation revealed that 24 cases were PUHD (median observation period, The course of HBV infection after PQHD (Fig. 2) Clinical hepatic damage was not observed in any of the 15 patients with PQHD, and 7 of them received NAAs. Among the 9 cases that could be observed in the second year, HBV DNA was negative in 3 cases with and without NAA administration. Moreover, 3 out of 5 cases in the third year and 1 out of 2 cases in the fourth year were HBV DNA negative. The time interval of conversion from positivity to negativity were 1, 4, and 4 months for each of these patients, and the length of observation period after negative conversion were 10, 19, and 20 months, respectively.
The development and validation of risk scoring for HBV reactivation in RA patients with resolved infection
As described above, HBcAb positivity alone and aging were significant risk factors for HBV reactivation in RA patients with resolved infection. Regarding age, the ROC analysis with HBV reactivation as a dependent variable revealed that the maximum "sensitivity − (1 − specificity)" was 0.2207 with an area under the curve (AUC) of 0.62914 when an age of 70 years was defined as the cutoff value. Furthermore, methotrexate monotherapy, albeit not a statistically significant independent variable, was the weakest risk factor compared to other therapeutic agents. Given that methotrexate is an anchor drug for RA, treatment other than methotrexate monotherapy, with prednisolone < 5 mg/day as an acceptable option in combination, was assessed for determining risk scoring. Among the three risk factors shown in Table 6 , a risk scoring system was created with doubling the single HBcAb positivity, which had a particularly high odds ratio, as follows: risk score = 1 × (age > 70 years) + The risk score analysis was defined to determine the risk of HBV reactivation only in RA patients with resolved infection. Table 7 shows the number of patients and the odds of reactivation for each score (AUC = 0.694); our analysis revealed that the patient group with the full score had an odds ratio of 13.01 compared with the lowest-risk group.
Discussion
In Japan, people with resolved HBV infection comprise approximately 23.1% of the total population, which is higher than that observed in Western countries [14] . Importantly, all patients with RA who receive immunosuppressive DMARDs including biologics are recommended for HBV screening and managed according to strict guidelines. Patients with negative HBsAg are screened for HBsAb and HBcAb, and those who are positive for either are monitored for HBV DNA by RT-PCR every 3 months. In patients with PQHD, prophylaxis with NAA is started immediately. Although the current study was conducted with the premise of compliance with this guideline, deviations from the guidelines were observed in some cases because the frequency of HBV DNA In summary, our final analysis revealed that the incidence of reactivation (1.65/100 person-years) was lower at the end of the 4-year observation period compared with the 2-year incidence rate that we reported previously [2] . The frequency of HBV reactivation in RA patients with resolved infection in the current study was comparable to that reported in a recent Japanese study, and the risk of HBV reactivation was significantly lower in RA than in other diseases [1, 2, 15] . New reactivation cases were also observed in the third and fourth observation years in the current study. Mochida et al. reported that the risk of HBV reactivation in patients with immunosuppressive drugs decreased significantly 6 months after treatment initiation [11] . Our results, albeit not contradicting their conclusion, revealed that the risk of reactivation persisted for a long time after the start of immunosuppressive treatment for RA. Since the risk of HBV reactivation in RA patients with resolved infection is obviously lower than that in patients undergoing organ transplantation or cancer chemotherapy and persists for a long time, the management for HBV reactivation in RA patients should be considered separately from that in patients requiring HBV reactivation management for other causes.
Our multivariate logistical analysis for risk factors based on the data collected over the 4 years of observation revealed that aging and HBcAb positivity in patients with HBsAb negativity were significant risk factors. Among the therapeutic drugs for RA, the odds ratio for methotrexate as a risk factor was lower than those for other drugs, although a statistically significant difference was not found; this finding was in agreement with the results of the univariate analysis in our previous report [2] .
The evaluation of the serological outcomes of 57 patients with HBV reactivation over a maximum period of 4 years revealed that 15 cases (26.3%) progressed to PQHD, whereas in the other 15 cases, HBV DNAnegative status spontaneously changed. It is uncertain whether HBV infection will be progressive or not after HBV reactivation. Even if it does occur, it does not always progress rapidly. The observation of patients with PQHD showed that NAA can prevent hepatitis after HBV reactivation regardless of whether HBV DNA turns negative or not. Because the status of three patients who did not receive NAA spontaneously became HBV DNA negative, we should not consider that PQHD always implies progressive infection. The guidelines for the management of HBV reactivation are based on studies demonstrating that the course after HBV reactivation is often rapidly progressive, with a high incidence of fulminant hepatitis and poor prognosis; these studies included primarily patients undergoing organ transplantation and chemotherapy [1, 16] . Reports of fulminant hepatitis due to HBV reactivation in RA patients with resolved infection is limited to several case reports [17, 18] , and no studies to date reported the incidence of fulminant hepatitis after reactivation. The incidence of hepatitis could not be determined in the current study since intervention was performed by prophylactic NAA administration. However, studies in rheumatic diseases suggest that, in addition to the low incidence of HBV reactivation, the clinical course after reactivation is not necessarily rapidly progressive, and the prognosis is not poor. Therefore, the criteria for prophylactic NAA administration and monitoring for HBV DNA should be reevaluated with consideration of stratified management based on risk factors that were mentioned previously.
One potential reason for the absence of cases with fulminant hepatitis among those with HBV reactivation is continuation of immunosuppressive therapy after reactivation, which was implemented in all cases according to the Japanese guidelines. Considering that hepatitis was reported to develop after reduction or discontinuation of immunosuppressants in several case reports [18, 19] , the current results are consistent with the hypothesis that immune reconstruction due to treatment discontinuation might contribute to the development of hepatic injury. We also created a scoring system by combining multiple risk factors of HBV reactivation with the aim to stratify RA patients with resolved infection according to risk of HBV reactivation. Chen et al. used conventional synthetic DMARDs alone as a low risk factor and HBcAb single positivity as a moderate risk factor for stratification of HBV reactivation risk [20] . The risk factors used in the current study were consistent with that study; however, age > 70 years was a new, important risk factor that was incorporated to derive the risk score in the current study. The number of patients in each score group (Table 6 ) reflects the status in Japan, which is likely to vary widely across regions based on differences in major HBV genotypes, incidence of HBV infection, frequency of each DMARD use for RA, and degree of societal aging. The risk of HBV reactivation can also vary across regions, and the risk factors and weighting are necessary to verify our results for each region. Despite these limitations, we found that the risk of reactivation in patients with a risk score of 0 or 1 was very low; in contrast, the odds ratio for reactivation in patients with risk scores of 3 and 4 points were 5.79 and 13.01, respectively, indicating high risk. Considering that the disease course after HBV reactivation in RA was not aggressive, as revealed in the current study, routine monitoring may be changed to simpler and less expensive method in low-risk patients. As a result, 63% of the patients enrolled in the current study could have avoided periodic HBV DNA measurements, which would have reduced the economic burden on the patients and the public considerably.
The current study has several limitations that should be acknowledged. First, considering the frequency of reactivation, the sample size and the study period were insufficient, and the risk assessment could not be performed for specific biologics. Second, this was an observational study, and 10 patients, comprising 17.5% of the reactivated cases, received prophylactic NAA treatment in accordance with the guidelines, and the incidence of hepatitis was unknown. The possibility that rapidly progressive hepatitis might occur with low frequency in these patients cannot be ruled out. Third, all subjects were Japanese, and differences in race and virus genotypes were not included in the analyses. Since rituximab is not used for RA treatment in Japan, the possibility remains that the frequency of HBV reactivation is lower in Japan than in other countries [21] . The scoring system for risk of HBV reactivation must be validated for each region, as described above.
Conclusions
Albeit relatively low, the risk of reactivation in RA patients with resolved HBV infection during immunosuppressive treatment was sustained during treatment. Rapid progression of hepatic injury after HBV reactivation was not observed, and negative conversion was found in some patients after HBV reactivation following a natural course. HBV reactivation in patients with RA was not associated with a clearly poor prognosis. Our predictive risk scoring system for HBV reactivation might be useful for monitoring of HBV reactivation in RA patients. 
